Objective: This study aims to compare the effectiveness of two different canine exposure techniques (open and closed) regarding periodontal outcomes, duration of surgical treatment and canine's eruption, patient's inconvenience, aesthetics, and orthodontic treatment complications. Search methods: Electronic database searches of published and unpublished literature were performed. The reference lists of eligible studies were hand searched for additional studies Selection criteria: Randomized clinical trials (RCTs), quasi-randomized clinical trials (Q-RCTs) and non-randomized trials of prospective and retrospective design with patients of any age that compared group with palatally impacted canines treated by open exposure to a similar group treated by closed exposure technique were selected. There was not any restriction in language or year of publication. Data collection and analysis: Study selection, data extraction, and risk of bias assessment were performed individually and in duplicate. Results: Search strategy resulted in 159 articles and nine articles were selected for the final analysis. They were three non-randomized trials, one Q-RCT, and two reports of another Q-RCT and three reports of one RCT. The level of reported evidence was high for the RCT and one Q-RCT but poorer for the other trials. Four articles reported periodontal outcomes, three searched the duration of surgical procedure, two the duration of canine eruption, two investigated patient's inconvenience, two reported on failure rates and two addressed aesthetic outcomes. The results are inconsistent and there is considerable disagreement for the majority of the outcomes among studies. Conclusion: According to existing articles we may conclude that there is no difference between the two techniques regarding the periodontal outcomes and aesthetic appearance. The surgical procedure is shorter in the open exposure group and the amount of postoperative pain during the first day is similar between the open and closed surgical exposure patients. However, these conclusions are based on two single trials with high level of evidence, while the rest of the studies present high risk of bias.
Introduction
Maxillary canine's impaction is a problem that the orthodontist faces relatively often, as the maxillary canines are the second more frequent impacted teeth, after the third molars and present prevalence of impaction which ranges from 1 per cent to 3 per cent (1) . Palatal impaction of canines is more frequent than labial and the European Journal of Orthodontics, 2018, 11-22 doi:10.1093/ejo/cjw077 Advance Access publication 9 May 2017 relevant ratio ranges from 2:1 to 9:1 (1).There is a debate among clinicians whether the open or the closed surgical exposure, is the favourable treatment of choice for palatally displaced canines. In 2013, two point/counterpoint debate articles depict this controversy clearly. Mathews and Kokich (2) advocate for the open technique followed by free eruption of the canine, while Becker and Chaushu (3) suggest the closed traction method being the more appropriate.
To our knowledge, there are only two literature reviews, which try to address the previous question. In 1999, Burden et al. (4) failed to express a definitive answer regarding the approach that results in better periodontal outcomes and less treatment time. It was reported that the requirement of repeated surgery is maybe more common with the closed eruption technique. More recently, Parkin et al. (5) in 2008 performed an intervention review of related articles with strict inclusion criteria but they did not find any studies that met their demands. They concluded that there is a need for randomized clinical trials (RCTs) to compare the two treatment alternatives.
The aim of our study is to systematically review the up-to-date scientific literature in order to define the most favourable technique, for palatally impacted maxillary canines, in terms of treatment outcomes. Periodontal health, aesthetics, patient's inconvenience after operation, duration of surgical procedure and canine's eruption and orthodontic treatment complications will be judged and compared between the two treatment alternatives. Prisma 2009 checklist (supplementary material) was followed for our study.
Methods

Protocol and registration
Not available.
Types of studies considered in the review
RCTs, quasi-randomized clinical trials (Q-RCTs) and non-randomized trials, without any restriction in language and time of publication, were considered in our study.
Types of participants
Orthodontic patients of any age with palatally impacted maxillary canines (one or both).
Types of interventions
Appropriate studies should include two groups of patients. One that is treated with open exposure technique and another one treated with closed exposure technique.
Comparisons
Comparison of the outcomes between the two groups
Outcomes
Any of the following: periodontal health, aesthetics, patient's inconvenience after operation, duration of surgical procedure and canine's eruption and orthodontic treatment complications.
Search strategy for identification of studies
A literature search was carried out by applying the Medline database (via PubMed), Embase (via Ovid), Scopus, Cochrane Oral Health Group's Trials Register, CENTRAL and Google Scholar using the following Medical Subject Heading (MeSH) terms; 'tooth, impacted', 'cuspid', 'cuspid/surgery', 'cuspid therapy' and other free-text terms. Unpublished literature was searched on ClinicalTrials.gov, the National Research Register, and Pro-Quest Dissertation Abstracts and Thesis database. Finally hand searching was performed.
Search strategy for PubMed is presented on Table 1 . Two review authors (DS, IAT) performed the study selection independently and in duplicate. Any inconsistencies were solved by discussion with the supervisor (AIT). Potentially appropriate studies were identified by title at first. After this stage, the abstracts were read and the inappropriate studies were eliminated. The references of the eligible studies were hand searched in order to identify any possible additional articles, which were not found already. The final choice was done when the full texts were examined, based on the exclusion and inclusion criteria (Τable 2).
Data extraction
Data were extracted with reference to participants, interventions, study duration/observational period, outcomes, methods of outcome assessment, and results by two reviewers (DS, ΙAΤ) independently and any inconsistencies were solved by discussion with a third reviewer (IΒ).
Dealing with missing data
Authors were contacted via email to request information where missing. In case of no response or no access of the missing data, only the available data were reported and analysed.
Bias assessment
The risk of bias within included articles was assessed by ACROBAT-NRSI tool of Cochrane (6) for non-randomized trials and by Cochrane handbook for systematic reviews (chapter 8) (7) for RCTs and Q-RCTs, by two independent authors (DS, IAT) and any inconsistencies were solved by discussion with the supervisor (AIT).
Concerning the randomized and quasi-randomized trials, seven domains of bias were estimated: sequence generation, allocation concealment, blinding of participants and investigators, blinding of outcome assessors, incomplete outcome data, selective outcome reporting, and other sources of bias. A judgment of 'low', 'high', or 'unclear' risk of bias was made for each of the seven domains, while a final overall judgment was assessed based on the following:
Low risk of bias if all key domains of the study were at low risk of bias. Unclear risk of bias if one or more key domains of the study were unclear. High risk of bias if one or more key domains were at high risk of bias.
Regarding the non-randomized trials, bias due to confounding, bias in selection of participants, bias in measurement of interventions, bias due to departures from intended interventions, bias due to missing data, bias in measurement of outcomes, and bias in selection of the reported result were assessed for the qualitative evaluation of the study. Possible results for each domain and hence the overall evaluation of each study: 'low', 'moderate', 'serious', 'critical' risk of bias and 'no information'.
For each separate outcome several confounders were taken into account for the assessment of risk of bias. The initial position of canine (depth of impaction, orientation and inclination) was evaluated as a confounding factor for all outcomes. Age was also considered as a confounder for all outcomes except for duration of surgical procedure. Additional confounders were oral hygiene and initial periodontal condition of patient for the periodontal outcomes and gender for postoperative pain perception. Bias due to co-intervention was considered if different surgeons had performed the operations.
Results
Our search strategy resulted in 159 articles, which were selected according to their title. After abstract reading stage and elimination of duplicates (43 papers) 14 articles were gathered and read in fulltext. Finally, nine articles (three reports of one RCT, one Q-RCT, and two reports of another Q-RCT and three non-randomized trials) were retrieved for the final analysis according to the inclusion/ exclusion criteria ( Table 2) . Table 3 summarizes the data of the nine included articles and the procedure of selection is presented on the flow diagram ( Figure 1 ).
All three reports of the RCT (8) (9) (10) were from the study of Parkin et al. but different outcomes were addressed in each article.
In the first one (8) , mean surgical duration, mean postoperative patient's discomfort and failure traction rates are compared between two exposure techniques. In the second article (9), periodontal outcomes are searched, while in the third article (10) the aesthetic appearance of previously impacted canine is judged. The two articles of Smailiene et al. (11, 12) are actually the same study (a quasi-randomized trial, Q-RCT) that was published in a Lithuanian journal (11) as well as in the European Journal of Orthodontics (EJO) (12) . Nevertheless, we have considered them also as two separate articles because different outcomes are reported in each publication. In the former article (11), periodontal outcomes and aesthetic appearance of previously impacted canines are compared between the two techniques, whereas in the article of EJO (12) mean duration for eruption of canine and periodontal outcomes is mentioned.
The level of evidence was high for the RCT (8-10) (all articles presented low risk of bias except for the outcomes mean surgical duration and postoperative pain which were judged to be in high risk of bias in the first article that was published in 2012 (8) .
Regarding the Q-RCTs, the study of Gharaibeh et al. (13) had low risk of bias but the study of Smailiene et al. (11, 12) was in high risk of bias except for the outcome mean duration for eruption of canine which was in low risk of bias according to our bias assessment method (risk of bias for RCTs and Q-RCTs is presented on Table 4 ). Quasi-randomized trials do not follow the protocol of successful randomization that is used in RCTs (e.g. computer generated random numbers, dice throwing etc), but they use fallible methods of randomization, like allocation according to date of patient's birth or random sequence generated by odd (e.g. Smailiene et al. (12) : 'in every second patient the open technique was used') instead. The study of Gharaibeh et al. (13) was considered as a Q-RCT because the authors did not mention any method of concealed randomization. The lack of successful randomization and of concealed allocation of participants affects the overall risk of bias of a Q-RCT as it could influence the allocation of characteristics at baseline that could affect the result (like the significantly different initial periodontal condition between two groups in the study of Smailiene et al. (11, 12) that surely could affect the periodontal outcomes). However, in the study of Gharaibeh et al. (13) despite the fact that it is unclear whether the randomization was computerized (or performed by another totally random way) or not and although there is unconcealed allocation of participants, the distribution of baseline characteristics that could possibly affect the outcomes-age, gender, need for bone removal-are similar among groups. Therefore, the study was considered to be in low risk of bias overall (random sequence generation and allocation concealment were not considered as key bias domains in this study).
Regarding the non-randomized studies (14) (15) (16) , all were in serious risk of bias (Table 5) . , sixth outcome. Table 3 .
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Clinical heterogeneity among studies (different outcome assessment, variable age of patients and different follow-up duration), and the high risk of bias in general precluded the quantitative synthesis of results in meta-analysis.
Periodontal outcome
Four articles report on periodontal outcomes (9, 11, 12, 14) . The retrospective study of Wisth et al. (14) concludes that closed exposure technique provides with better periodontal results as loss of attachment was found to be greater for the canines treated with open technique especially on their palatal side. On the other hand, the results from the two articles of Smailiene et al. (11, 12) Although there are conclusions for periodontal outcomes in the aforementioned articles (9, 11, 12, 14) the three of them (11, 12, 14) presented high risk of bias while only the article of Parkin et al. (9) was considered to be in low risk of bias regarding this specific outcome (post-treatment periodontal condition).
Duration of surgical procedure
Regarding the duration of surgical procedure, two studies (13, 15) found significantly less time in the operation room for the open technique while Parkin et al. (8) report that there is not any statistically significant difference between the two treatment alternatives. Two (8, 15) out of three articles (8, 13, 15 ) that report on duration of surgical procedure present high risk of bias, whereas only one study (13) presents low risk of bias for this outcome.
Duration of canine's eruption
Iramaneerat et al. (16) found that the time needed for canine's eruption, more specifically the duration from the surgical exposure of the canine until it was well positioned in the line of the arch does not differ between the two exposure techniques. Iramaneerat et al. (16) had considered that proper positioning of the canine was attained when a 0.018 inch steel archwire, or equivalent, was fully engaged on the canine. On the other hand, Smailiene et al. (12) reported that the eruption of impacted canine was quicker for the group treated with open technique. These investigators assessed the duration from surgery until a bracket can be bonded on the middle of canine's labial surface. The risk of bias for the duration of canine's eruption was judged to be high for the study of Iramaneerat et al. (16) , while in the article of Smailiene et al. (12) was low.
Orthodontic treatment complications
Two articles (8, 15) 
Pain perception
Perception of pain after surgical exposure of canines is investigated in two articles (8, 13) which reported that there is no difference in the amount of pain between closed and open technique. A moderate degree of discomfort was observed after the procedure, which disappeared few days later. However, risk of bias was high in the article of Parkin et al. (8) for this outcome. The study of Gharaibeh et al. (13) presented low risk of bias.
Aesthetic outcomes
Two papers (10, 11) agree that there is no difference in the aesthetic outcome between the two different techniques. Only one of them (10) presents low risk of bias whereas the other (11) was judged to be in high risk of bias for this outcome. More specifically, Smailiene et al. (11) assessed the inclination, the shape and colour of treated canines between two groups and did not find any differences. In the work of Parkin et al. (10) on the other hand, blinded laypeople and orthodontists were recruited to judge the aesthetic appearance of the maxillary canines in all participants. The one upper canine was treated either with closed or open exposure technique and its contralateral was physiologically erupted. The authors report that the frequency of correct identification of the operated canine and the frequency that the previously impacted tooth was considered aesthetically better than its contralateral did not differ significantly between closed and open exposure technique groups either for the panel of orthodontists or for that of laypeople.
Discussion
Different outcomes were searched among studies, the quality of which was also variable, according to risk of bias assessment.
The three articles of Parkin et al. (8) (9) (10) , which are parts of a single RCT, provide generally high level of evidence. Based on the Cochrane tool for bias assessment for RCTs (7), risk of bias is low for the periodontal outcomes, aesthetic appearance, and failure rates while postoperative pain perception and duration of surgical procedure, present high risk of bias according to our evaluation. Two of the participants in the aforementioned study (Parkin et al. (8) ) who had been exposed to open canine exposure were also undergone first molar extraction and frenectomy at the same time. In addition, in the same article (8) 27 cases of simultaneous premolar extraction were included and it is not clarified whether their distribution between the two groups was similar. Therefore, the conclusion that open and closed exposure technique does not differ in terms of postoperative pain and duration of surgical procedure is not a reliable one. It is obvious though that the closed technique requires more time in the operation room as the procedures of attachment bonding and wound suturing add in the total operation time. However, the extra appointment needed for attachment bonding in the case of open exposure technique must be taken into consideration.
The quasi-randomized trial of Gharaibeh et al. (13) , presents low risk of bias for both reported outcomes (duration of surgical procedure and postoperative pain). Although the investigators do not provide concealed allocation of participants, they state that the need for bone removal, age and gender distribution was similar between the two groups and the surgeon was the same for all operations. For this reason the statements that the surgical procedure is shorter in the open exposure group and that the amount of postoperative pain during the first postoperative day is similar between the two groups are considered conclusions with high level of evidence. Concerning the progressive disappearance of pain Gharaibeh et al. (13) found faster recovery after closed exposure technique while Parkin et al. (8) did not find any difference. The study of Chaushu et al. (17) was excluded from our review because it included impacted incisors and canines without providing separate results for canines. However, it was reported that the disappearance of pain was faster following the closed technique. This is in agreement with the study of Gharaibeh (13) . Healing by secondary intention in the open exposure technique may play a significant role here. The inconsistency with the results of Parkin et al. (8) might be due to the fact that the prementioned investigators used an 'extensive' surgical technique and state that they remove bone to expose the largest diameter of the impacted canine crown.
The articles of Smailiene et al. (11, 12) report on periodontal outcomes (pocket depth, loss of attachment, bone support, width of keratinized gingiva), aesthetic appearance (inclination, position, colour, and shape of the treated canine) and the duration for canine's eruption. Regarding the periodontal outcomes, it was found that they were similar between closed and open exposure techniques, but the study presents high risk of bias as there is no report for the initial periodontal condition at baseline for the two groups. High risk of bias is also present in considering aesthetic appearance, because it is not mentioned whether the assessors who evaluated the inclination, the position, the colour and shape of the canine were blinded. Despite the unconcealed allocation, the outcome duration of canine's eruption is probably in low risk of bias as the protocol of open and closed technique is mentioned clearly, any possible confounders (age, depth of impaction) have similar distribution at baseline among groups and the definition of eruption is objective. However, these authors state that although non-significant, the difference between initial depth of impaction may have affected this result.
All three non-randomized trials (14) (15) (16) are in serious risk of bias for all reported outcomes. Being more specific, the study of Wisth et al. (14) which states that the closed exposure technique results in more favourable periodontal outcomes (reduced loss of attachment), is a retrospective trial which presents high risk of bias in selection of participants and bias due to confounding (initial periodontal condition), bias due to departures from the intended intervention (possibly different surgeons) and bias in measurement of the outcomes (not blinded assessors). The retrospective study of Pearson et al. (15) was considered with high risk of bias because it presented high risk of selection bias, different depth of impaction and different surgeons , sixth outcome; Q-RCT, quasi-randomized clinical trial; RCT, randomized clinical trial. Table 4 . performing the exposure operations. Apart from that, the over twofold failure rate for the closed technique which was reported by the investigators is exclusively due to the fractured wires used for the orthodontic traction in the closed exposure group and is not correlated with the type of surgical technique. Finally, in the study of Iramaneerat et al. (16) it is stated that there is not any difference between open and closed exposure technique regarding the duration for eruption of the canine. However, the time in which the fixed appliances were placed, the time that the traction was started and the type of used biomechanics are not mentioned. In addition, the definition of eruption is problematic, as the canine was considered fully erupted when a certain archwire was engaged in the bracket of the tooth.
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Conclusion
Only a few studies provide high level of evidence whether open or closed exposure technique is more favourable treatment of choice in terms of the post-treatment periodontal status, duration of surgical procedure, duration for canine's eruption, failure rates, postoperative pain perception and aesthetic appearance. We used the GRADE approach in order to interpret the results of this review. The RCT of Parkin et al. (8) (9) (10) ) is a well-conducted study and provides the best evidence regarding periodontal outcomes and aesthetic appearance, which do not present any difference for the two exposure techniques. The study of Gharaibeh et al. (13) presents also low risk of bias for the outcomes regarding duration of surgical treatment and postoperative pain. According to the prementioned article the surgical procedure is shorter in the open exposure group and the amount of postoperative pain during the first day is similar between the two groups. However, all patients have faster recovery from postoperative pain after the closed exposure technique. Overall no strong conclusion for a specific outcome can rely on a single trial. The rest of the included studies present high risk of bias and thus fail to provide safe results.
To conclude, more RCTs should be performed in the future for stronger evidence and clarification of some controversial issues.
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